Background: Iron deficiency (ID) is one of the most common comorbidities in patients with heart failure (HF). The preferred form of iron supplementation is intravenously. Polysaccharide-iron complex (PIC) is an oral iron supplement that has a bioavailability of 100%; gastrointestinal complaints are absent or less frequent with PICs. Objectives: In this study we aimed to investigate if oral PIC was effective at increasing the ferritin level over 12 weeks in dilated cardiomyopathy patients with an absolute iron deficiency and to determine the incidence GI side effects with this type of treatment. Methods: Thirty patients with a diagnosis of non-ischemic dilated cardiomyopathy (left ventricular ejection fraction (LVEF) < 35%) and absolute iron deficiency (serum ferritin level < 100 mcg/L) were recruited. For all study participants, one capsule of Feramax-150 was prescribed on a daily basis for 12 weeks. All patients were asked to report any GI side effects, including heartburn, abdominal pain, nausea, vomiting, diarrhea, constipation, and bloating. Results: The mean (SD) age was 43.2 (13.4) years. The mean LVEF was 23%. The mean (SD) ferritin level was 48.8 (27.7) at baseline. After 12 weeks of treatment with Feramax-150, the mean (SD) ferritin level had increased to 69.9 (42) (P < 0.001). No patients reported any gastrointestinal side effects. Conclusions: PICs could be a good and well-tolerated medicine in the treatment of iron deficiency in patients with heart failure. It is recommended that PICs be prescribed to maintain body iron stores after IV iron therapies in HF patients.
Background
Iron deficiency (ID), one of the most common comorbidities in patients with heart failure (HF), is seen in up to 60% of these patients (1) (2) (3) (4) . ID is more prevalent in patients with more severe HF, including those with a New York heart association (NYHA) functional class of III and higher NT-proBNP levels. However, it is estimated that more than 30% of patients with an NYHA functional class of I or II suffer from ID. Regardless of the presence of anemia or the severity of heart failure, ID is significantly associated with a higher mortality in patients with heart failure even after adjustment for other risk factors, such as the NYHA functional class and NT-proBNP level (2) (3) (4) (5) (6) .
According to the European society of cardiology (ESC) guidelines for heart failure (2012), patients with HF may have absolute ID (defined as a ferritin level equal to or less than 100 mcg/L) or functional ID (a ferritin level less than 300 mcg/L with a transferrin saturation of less than 20%). These values are considered valid regardless of the hemoglobin level (1, 5, 7) .
It has been shown that iron therapy improves symptoms, exercise capacity, and quality of life in HF patients with a reduced ejection fraction (HFrEF). Therefore, the ESC guidelines recommend iron therapy in all patients with HFrEF who have ID regardless of the presence of anemia (1-3, 5, 6, 8) .
Oral iron supplements are widely used and are relatively inexpensive. The most frequently administered form of oral iron is ferrous sulfate. However, the absorption of this type of iron is relatively low, and up to 60% of patients develop gastrointestinal (GI) side effects, such as constipation, dyspepsia, nausea, diarrhea, and heartburn, which leads to poor compliance (5, 9-11).
On the other hand, evidence suggests that ferrous sulfate can provoke oxidative stress locally in the GI system, especially at higher doses, which produces adverse consequences, including lipid peroxidation, disruption of the cell membrane, and DNA damage. Therefore, oral iron therapy is unlikely to be effective if rapid iron replacement is required and would not be suitable for patients who cannot tolerate the drug or who show poor compliance (9) (10) (11) (12) .
Using intravenous (IV) iron preparations instead of oral iron is one solution for the adverse effects of oral iron therapy with ferrous sulfate. IV iron is generally safe and has considerable efficacy; unfortunately, there are some limitations, including the requirement of hospital facilities for its administration, higher costs, and risk of hypersensitivity with some types of IV iron preparations, including Venofer (2, 3, 5, 13) .
Polysaccharide-iron complex (PIC) is an oral iron supplement that allows ionic iron to be absorbed intact through the small intestine without coming into contact with the upper GI tract and then be delivered directly into the bloodstream. Oral PIC has been evaluated in a wide variety of medical conditions that present with ID, including patients undergoing dialysis. The bioavailability of PIC is 100%. PIC has been shown to be well accepted and tolerated by patients; GI complaints with PIC are absent or less frequent than those associated with oral iron supplementation. This type of iron replacement allows for a reduction in the number of doses required per day, particularly in patients who need higher amounts of elemental iron and who are taking numerous medications (9, 11, 14-21).
Objectives
In this study, we aimed to investigate whether oral PIC is effective at increasing the ferritin level over 12 weeks in dilated cardiomyopathy patients with an absolute iron deficiency and also to examine the incidence of GI side effects with this type of treatment.
Methods
In this case series study, 30 patients with a diagnosis of non-ischemic dilated cardiomyopathy (DCM) who had been referred to the heart failure and transplantation clinic of Rajaie cardiovascular medical and research center were recruited according to the following inclusion criteria: left ventricular ejection fraction (LVEF) equal to or less than 35%, NYHA functional class of I-III, and a serum ferritin level less than 100 mcg/L.
The study population was required to be on guidelinedirected medical therapy for heart failure, which remained unchanged throughout the entire study duration (12 weeks) unless the patients developed decompensation and/or any condition in which a drug dosage adjustment was necessary. The exclusion criteria were comprised of the presence of decompensation, a need for drug adjustments, any inflammatory process at baseline or during the study period, a history of hemoglobinopathies, recent treatment with oral or IV iron supplements, malabsorption, a history of hypermenorrhea in premenopausal women, any endocrine disorders including diabetes mellitus, and renal failure.
The study was approved by the institutional ethics and research committee, and informed consent was obtained from all patients.
After explaining the study's aim and methods to each patient, a thorough history and physical examination was obtained from all participants, and their NYHA functional class was recorded.
The NYHA functional class was evaluated by considering the severity of the patients' limitations regarding physical activity, where class I indicates no limitations, class II carries slight limitations, class III indicates significant limitations, and class IV includes symptoms of dyspnea when at rest (1) .
The functional capacity was evaluated by 6-MWT according to the protocol of Guyatt and colleagues (22) at baseline and also after 12 weeks.
Laboratory Tests
The laboratory tests included a complete blood count, hemoglobin level, NT-proBNP as well as the iron profile (serum iron, total iron-binding capacity (TIBC), and ferritin level) and were measured at baseline and again after 12 weeks. All patients were determined to have normal renal function after testing the urea and creatinine levels at baseline.
Treatment With PIC
The Feramax-150 (Bio Syent Pharma, Inc.) was selected as the PIC used in this study. This drug is in the form of a capsule and contains 150 milligrams of elemental iron. For all study participants, one Feramax-150 capsule was prescribed daily for 12 weeks.
All patients were asked to report any GI side effects they experienced, including heartburn, abdominal pain, nausea, vomiting, diarrhea, constipation, and bloating.
Statistical Analysis
The IBM statistical package for the social sciences (SPSS) for Windows, version 19 (IBM Corp, Armonk, NY, USA), was used for all statistical analyses. One sample Kolmogorov Smirnov test was employed to assess the normal distribution of variables. Categorical variables were expressed as a number (percentage), while quantitative variables were expressed as mean (standard deviation) or median (interquartile range (IQR)) as appropriate. Student t-test and Mann-Whitney or Wilcoxon signed rank tests were used for comparisons and associations, as appropriate. P < 0.05 were considered statistically significant.
Results
In this case series, 30 patients (18 females) with a diagnosis of DCM were given Feramax-150 daily for 12 weeks. The mean (SD) age was 43.2 (13.4) years (range: 19 -97 years). The mean LVEF was 23% (range: 10% -35%), and 76% of patients had an NYHA functional class higher than II. All patients were on the maximum tolerable dosages of angiotensin converting enzyme (ACE) inhibitors/angiotensin receptor antagonists (ARB), beta-blockers, spironolactone, and diuretics.
The mean (SD) ferritin level was 48.8 (27.7), while the mean (SD) hemoglobin level was 13.4 (1.4) g/dL. Table 1 depicts the general and clinical characteristics of the study population, while Table 2 shows a comparison of the study variables at baseline and also 12 weeks after treatment with Feramax-150.
Feramax-150 Treatment
As shown in Table 1 , the mean (SD) ferritin level was 48.8 (27.7) µg/L at baseline. After 12 weeks of treatment with Feramax-150, the mean (SD) ferritin level increased to 69.9 (42) µg/L, which was statistically significant (P < 0.001).
However, the ferritin level rose above 100 in only 4 patients, and no statistically significant changes were observed in the serum iron, TIBC, or hemoglobin levels.
There was a statistically significant increase in the 6
MWT ( A statistically significant improvement in the NYHA functional class was also noted in our study population after 12 weeks (P = 0.04).
Gastrointestinal Side Effects
During treatment with Feramax-150, the drug was well tolerated. All patients completed the treatment course, and no patients reported GI side effects, which are common during oral iron therapies and include GI upset and heartburn, nausea, vomiting, diarrhea, or constipation.
Discussion
In this case series, we showed that PICs were well tolerated in patients with HF and were useful in increasing the ferritin level in these patients. Iron deficiency is an important comorbidity in up to 50% of HF patients, and its complications are independent of any hematopoietic effects. A thorough diagnostic work-up for iron deficiency in patients with HF was recommended by the ESC guidelines for heart failure in 2012, and treatment of iron deficiency is strongly recommended in these patients (1) (2) (3) (4) .
According to present evidence, the preferred form of iron supplementation is through an intravenous route. Oral iron preparations are poorly absorbed in patients with HF, and more than 50% of patients experience significant GI side effects, which lead to poor compliance (2, 3, 5, 7).
To our knowledge, there is currently no evidence of any clinical benefits of PICs in patients with HF, and the most experience with this type of oral iron supplementation has been in patients with chronic renal failure and patients who are being treated for postoperative anemia (14-18, 20, 21, 23-28) . Kaufman et al. (29) showed that Niferex (PIC) is very effective in repleting and preserving the iron stores in end stage renal disease patients. In Feagan's study, a dose of 450 mg of PIC (3 × 150 mg) reduced the need for blood transfusions in patients undergoing hip arthroplasty (24), while McCluskey et al. (30) successfully used PICs to treat postoperative anemia. The present case series is the first study to use PICs in the treatment of iron deficiency in patients with HF. Although there was no change in the hemoglobin level after 3 months of treatment, the ferritin level had increased, and the NT-proBNP level decreased as well. In addition, the NYHA functional class and 6-minute walk test distance had also improved significantly.
The main limitation of oral iron supplementation is patient compliance due to unpleasant GI side effects (both diarrhea and constipation), particularly in patients with chronic diseases, such as HF. In this population, the prescription of additional medications may also exacerbate the GI side effects (10, 11, 23) .
The main advantage of PICs is the lower incidence of GI side effects. In our study, no patients reported GI complications. In many other studies, PICs were very well tolerated in terms of GI side effects (11, 17, 20, 21, 27, 28) . Johnson et al. reported a low incidence of adverse GI effects following treatment with PICs (16) . Also, in Feagan's study, PICs were well tolerated; only 2% of patients discontinued their iron supplementation regimen due to GI side effects (24).
Study Limitations
The main limitation of this study were its small sample size and short-term treatment period. However, the careful selection of the included patients was a strength of this study.
In conclusion, PICs were a good and well-tolerated medication for the treatment of iron deficiency in patients with HF. Further studies should be designed to compare Iron, µg/dL, mean (SD)
(35.7)
TIBC, µg/dL, mean (SD)
(62)
Transferrin saturation, %, mean (SD) 21 (7) the efficacy of PICs with intravenous iron supplementation. It is also recommended that PICs be prescribed to HF patients for the maintenance of body iron stores after IV iron therapy.
